Astroviruses were first found in humans in 1975 by use of electron microscopy (EM) to examine specimens from a diarrhea outbreak among infants [1] . Human astroviruses (HAstVs) are a common cause of sporadic cases and outbreaks of viral diarrhea among young children [2, 3] . HAstV is also a common agent in persistent diarrhea, which is a significant public health problem in developing countries [4] .
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genome that is ∼6800 nucleotides (nts) in length. The organization of the genome includes 3 open-reading frames (ORFs): ORF1a, ORF1b, and ORF2 [13, 14] . ORF1a and ORF1b encode nonstructural proteins, and these regions contain highly conserved sequences, which is in contrast to ORF2, which encodes the capsid protein and is highly variable at the 3 end of the genome [15, 16] . Primers specific to the conserved serine protease region in ORF1a or to the untranslated 3 end of the genome are suitable candidates for RT-PCR detection of all antigenic types [13, 17, 18] . RT-PCR analysis detected HAstV in stool samples with greater sensitivity than did EIA in child care center outbreaks and in a bone marrow transplant unit [18, 19] , although these findings are not adequate to predict the superiority of RT-PCR analysis over EIA in evaluating nonoutbreak, community-based studies.
HAstV types also have been identified by EIA [20] , but typespecific polyclonal or monoclonal antibodies needed for this assay generally are not available, and EIA cannot type a significant portion of isolates [21] .
Using type-specific primers, RT-PCR analysis can also be used to type HAstVs. Type-specific primers derived from the 3 end of the HAstV capsid region were reported for HAstV types 1-7 [3, 22] . The distribution of HAstV antigenic types associated with gastroenteritis varies by region. HAstV-1 was identified more frequently than other types in several countries [5, 7, 8, 10, 22] .
Previous phylogenetic analyses of partial sequences in ORF1a, ORF1b, and ORF2 suggested that type information could be determined by sequence analysis of one of several regions of the genome [17, 23, 24] . In this study, we performed phylogenetic analysis on sequences from the 3 end of the capsid region, to confirm the typing results and to determine the genetic diversity of circulating strains within types.
The aims of this study were to determine the frequency of HAstV infection by RT-PCR analysis, to compare the sensitivity and specificity of RT-PCR analysis with those of EIA during the diarrhea period and in the 7 days before or after diarrhea occurred in an episode of symptomatic infection, and to determine HAstV antigenic types by typing RT-PCR analysis and phylogenetic analysis of the 3 end of the HAstV capsid gene.
Methods
Study population. From November 1988 through December 1991, 214 children in a periurban community of Mexico City were monitored prospectively for diarrhea from birth to 18 months of age. Stool samples obtained during the diarrhea episodes were tested for HAstV by EIA, as described elsewhere [21] . Previous reports described the geographic and socioeconomic characteristics of this community [25] [26] [27] .
Stool samples. Stool samples were collected weekly, regardless of symptoms, and also during each episode of diarrhea and were stored at Ϫ70ЊC until tested [21] . HAstVs detected by EIA or RT-PCR analysis were cultured in CaCo-2 cells, as described elsewhere [21, 28] . Sensitivity and specificity of EIA versus RT-PCR analysis were determined by detection of HAstV exclusively from stool samples. Typing EIA was performed on tissue-cultured HAstV strains, whereas typing RT-PCR analysis was performed on RNA extracted directly from stool samples ( ) and/or from tissue culture n p 23 ( ) [21] . n p 8
Definition of diarrhea. A diarrhea episode was defined as the presence of у1 day of у3 watery stools in 24 h; у2 bowel movements more than the usual daily pattern, with a decrease in stool consistency; or у1 bloody stool with a decreased consistency. This definition was validated [21] . An extended-testing period was defined as the diarrhea episode plus 7 days before and after the diarrhea.
Astrovirus detection primers. To detect all HAstV antigenic types, we used RT-PCR analysis with type-common primers (Mon348/Mon340) specific for the serine protease region of ORF1a (nt 1182-1470 of HAstV-1; GenBank accession no. L23513), which permits detection of all 8 serotypes [17] .
RNA extraction. RNA was extracted from 300 mL of stool suspension (10%-50% in water) with an equal volume of trichlorotrifluoroethane (Genetron; Fischer Scientific). After centrifugation, the supernatant was extracted with TRIZOL (Life Technologies) and chloroform, and the RNA was precipitated with an equal volume of 100% isopropanol. The isopropanol was decanted, and the RNA pellet was resuspended in 20 mL of RNase-free water.
RT. The RT reaction mixture (50 mL) contained 3 mL of RNA suspension and 0.1% bovine serum albumin, 0.4 mmol each dNTP, 2 U avian myeloblastosis virus RT (Promega), 4 U RNase inhibitor (Promega), 0.05 mmol dithiothreitol (Amersham Life Sciences), and 0.1 mmol negative-strand primer (Mon348; Sigma-Genosys) in reaction buffer (10 mM Tris, 50 mM KCl, and 3 mM MgCl 2 [pH, 8.3] ) [17] . The samples were incubated at 42ЊC for 1 h.
PCR. The 100-mL PCR mixture included 50 mL of RT reaction mixture and 50 mL of a mixture containing 10% dimethyl sulfoxide, Taq polymerase (produced in our laboratory for noncommercial use), and 0.1 mM positive-strand primer (Mon340; Sigma-Genosys) in reaction buffer [17] . The amplification cycle included denaturation for 2 min at 94ЊC, 30 cycles of denaturation for 1 min at 94ЊC, annealing for 1 min at 50ЊC, and extension for 1 min at 72ЊC. Final extension was done for 15 min at 72ЊC [17] . Amplicons were visualized by agarose gel (1%) electrophoresis in Tris-boric acid-EDTA buffer containing ethidium bromide.
Type-specific RT-PCR analysis. Astrovirus-positive samples were typed, using the following type-specific primers: PR6151 [3] , PR6257 [3] , DM12 (5 CTA GTG AGG AAC CTG ACA CCC ATG, 6306-6329 nt, HAstV-3; GenBank accession no. AF141381), JWT4 (5 GCA GAG AGC TTG TTA TTA AC 3 , 2084-2103 nt, HAstV-4; GenBank accession no. Z33883), AST-S5 [22] , and DM11 (5 GGC AGA TGT GTT GGA ACT TCC C 3 , 2007-2028 nt HAstV-7; GenBank accession no. AF248738).
The RT and PCR reaction conditions were the same as for the type-common RT-PCR analysis. Mon2 (Sigma-Genosys) served as a negative-strand primer for each reaction.
HAstV types 1, 3, 5, and 7 were assigned by identification of an amplicon of the appropriate size from a single primer pair, as follows: Mon2 with PR6151 (666 nt), DM12 (512 nt), AST-S5 (471 nt) [22] , and DM11 (430 nt), respectively. HAstV-2 assignment was determined by detection of the correct size amplicons generated by Mon2/ PR6257 (541 nt) and Mon2/PRBEG (321 nt) [29] . HAstV-4 assignment was determined by detection of the appropriate size amplicons generated by Mon2/PR6257 (511 nt) and Mon2/JWT4 (332 nt). The Mon2/DM4 (DM4: 5 CTA CAG TTC ACT CAA ATG AA 3 , 5525-5544 nt, HAstV-2; GenBank accession no. L13745) primer pair was used to obtain a 1.2-kb amplicon for sequence analysis for isolates that were untypeable using type-specific primers.
Sequence analysis. Typing RT-PCR amplicons were sequenced, to confirm the RT-PCR genotyping. Amplicons were cloned into pGEM-T (Promega) and were sequenced by automated sequencing (AlfWin; Amersham-Pharmacia), using fluorescence-labeled primers and a sequencing kit (SequiTherm EXCEL II Long-Read DNA Sequencing Kit-ALF; Epicentre Technologies), according to the manufacturer's recommendations.
Published (GenBank) HAstV capsid gene sequences used in the phylogenetic analyses included (followed by their accession nos.) HAstV-1 (L23513), HAstV-2 (L13745), HAstV-3 (AF117209), HAstV-4 (Z33883), HAstV-5 (U15136), HAstV-6 (Z46658), HAstV-8 (no. Z66541), and porcine astrovirus (Z66541). The capsid gene of an HAstV-7 Oxford reference strain was completely sequenced in our laboratory (AF248738). Sequences of the Mexican HAstV isolates described here also were submitted to GenBank (AF257221-9).
Basic sequence manipulation and verification were performed using PC/Gene (version 6.85; IntelliGenetics). ClustalX [30] was used to create multiple alignments of the amino acid sequences of the selected isolates. The nucleic acid sequences were added and aligned by GeneDoc (version 2.3) [31] , using the corresponding amino acid sequences as template, which resulted in a 363-nt consensus length terminating at the 3 end of ORF2.
A phylogenetic tree was constructed from the nucleic acid sequence alignment, using the maximum likelihood algorithm in the program DNAML of PHYLIP (version 3.52c) running in a UNIX environment [32] . The global rearrangement option was invoked, and the order of the sequence input was randomized 50 times. The analysis was performed both rooted and unrooted, using the porcine astrovirus sequence as an outgroup in the rooted analysis. Definition of subtype. Although strains and subtypes are not clearly defined in the literature, we arbitrarily considered an isolate to be a subtype with !95% homology to the reference strain and with 10 .05 distance by phylogenetic analysis at the 3 end of ORF2 (363 nt).
Detection of other pathogens associated with diarrhea. Astrovirus-positive samples were previously tested for rotavirus, enteropathogenic Escherichia coli, and Shigella, Salmonella, and Campylobacter species, as described elsewhere [21, 25, 26] . In addition, they were tested for calicivirus by RT-PCR analysis [33] .
Statistical analysis. Sensitivity, specificity, and positive and negative predictive values of EIA versus RT-PCR analysis were determined. Concordance between EIA and RT-PCR typing was determined by x 2 test, using Epi Info (version 5.01; Centers for Disease Control and Prevention [CDC]). Statistical association between the length of the diarrhea episodes and the causative HAstV type was determined by the Kruskal-Wallis test, using Epi Info (version 5.01). Diarrhea episodes associated with infections by multiple pathogens were excluded from this analysis.
was con-P ! .05 sidered to be significant.
Results

EIA versus RT-PCR analysis for HAstV detection.
Of 698 episodes of diarrhea occurring in 214 children, 510 (73%) extended-testing episodes were previously tested by EIA for HAstV [21] . Stool samples ( ) from 365 (72%) of the n p 396 EIA-tested episodes were available for further testing by RT-PCR analysis. The availability of a limited number of samples might have resulted in a selection bias that we could not control or predict. HAstV was detected in stool samples from 23 (6.3%) of the 365 extended-testing periods (table 1) and within 16 (6.8%) of 231 diarrhea episodes. No children had a repeated HAstV infection.
In 2 of the 16 HAstV diarrhea episodes, additional stool samples from the same episode were tested. In 1 case, HAstV was identified in the first week of the diarrhea episode but was undetectable by both EIA and RT-PCR analysis from a diarrhea stool sample collected a week later. In the second case, HAstV was detected from a stool sample taken on the last day of the diarrhea episode but was undetectable from a diarrhea sample taken a week before. The other 14 HAstV-positive episodes did not have additional stool samples available for testing in the extended-testing period.
We identified 7 HAstV isolates detected within the extendedtesting period but outside the diarrhea episode. A stool sample was available from the corresponding diarrhea episode in only 1 of these 7 cases. In this 1 case, HAstV-2 was detected in a sample 1 week before the start of diarrhea, and 2 consecutive stool samples taken during the diarrhea episode and 1 taken after the diarrhea episode were negative for HAstV by both RT-PCR analysis and EIA.
We tested 8 HAstV-positive samples cultured on CaCo-2 cells that were previously positive by EIA. These samples were not available from stool samples for RT-PCR testing. These samples were not included in the comparison of EIA versus RT-PCR detection from stool samples but were included in the analysis of typing EIA versus typing RT-PCR analysis ( ). n p 31 Of the 23 HAstV RT-PCR-positive stool samples from extended-testing periods, only 17 were positive by EIA. Two samples were indeterminate for the presence of HAstV by EIA and were confirmed to be positive after tissue culturing in CaCo-2 cells. Therefore, EIA was 74% sensitive and 100% specific, compared with RT-PCR analysis, for the detection of HAstV in stool samples during the diarrhea episodes and extended-testing periods (table 1) . These results were the same when we compared detection from extended episodes ( ), diarrhea epin p 365 sodes ( ), or individual stool samples ( ). The n p 231 n p 395 positive predictive value of EIA was 100%, and the negative predictive value was 98.8% for EIA, compared with RT-PCR analysis as the reference standard.
Typing EIA versus typing RT-PCR analysis. Both typing EIA and RT-PCR analysis were performed on 31 HAstV-positive specimens (23 from stool samples and 8 from tissue culture). HAstV was detected in 26 of the specimens by EIA, whereas all 31 samples were positive for HAstV, as determined by type-common RT-PCR analysis ( quences of the study isolates ( ) with reference strains n p 31 confirmed the typing RT-PCR analysis results and permitted type assignment for additional samples (table 2) .
Phylogenetic analysis was performed in 2 stages. First, all Mexican isolates were included in rooted and unrooted trees. Because pairwise analysis and the trees showed common branch points for most Mexican strains within types, 22 strains with 98%-100% homology were withheld from phylogenetic analysis, to avoid repeats. Reference strains (HAstV-1 to 8) and single representatives of the 9 distinctive Mexican strains were included for the final phylogenetic analysis. HAstV-4 was less related to the other reference HAstV strains than was porcine astrovirus; therefore, the final tree is unrooted.
The analysis ( figure 1) showed that all reference strains appeared to be statistically distinct (distances, 0.11-1.4;
). P ! .01 HAstV-3 and 7 and HAstV-5 and 8 were very closely related in this hypervariable region (90% and 85% pairwise identity and distance, 0.11 and 0.17, respectively). HAstV-4 was significantly different from the other HAstV strains and was less related to other HAstV strains than were 2 animal astroviruses analyzed (feline and porcine; data not shown). All Mexican HAstV isolates could be assigned a type but were significantly different from the corresponding reference strains ( ). Al-P ! .05 though there is no clear definition of strains in the literature, we arbitrarily considered an isolate to be a new strain or subtype with !95% homology to the reference strain and 10.05 distance at the 3 end of ORF2 (363 nt). Calculated intragenotypical distances suggest that the Mexican isolates represent new subtypes of the corresponding genotype, except in the instance of the HAstV-7 isolate (99% pairwise identity with HAstV-7 and distance, 0.009), recovered from 2 children, which fell in the same clade as the prototype.
In summary, 6 HAstV antigenic types (1-5 and 7) cocirculated in the community: HAstV-2 (42%) and HAstV-4 (23%) were the most common HAstV types. There was no change in the predominant type over the study period ( figure 1) .
Variability at the typing primer binding site(s). Sequence information from the isolates that were untypeable by RT-PCR analysis enabled us to analyze the variability of the typing primer binding sites. Two HAstV-2 isolates that were undetectable by RT-PCR typing were identical to 2 RT-PCR-typeable isolates and had 80% identity with primer PR6257 within the sequence of the primer. The sequence of the possible primer binding site for each untypeable HAstV-3 and HAstV-4 isolates was 100% identical to the original primer sequence (DM12 and JWT4, respectively). These findings suggest that the failure of RT-PCR typing could have been due to mismatch (type 2), inhibitors, or low RNA yield (types 3 and 4) .
Coinfections and duration of diarrhea. Coinfections with HAstV and other enteropathogens occurred in 6 children: HAstV-3 and calicivirus (1 child), HAstV-7 and rotavirus (1 child), HAstV-2 and Shigella species (2 children), HAstV-2 and Salmonella species (1 child), and HAstV-3 and enteropathogenic Escherichia coli (1 child). Campylobacter species were not detected in the 31 HAstV-positive episodes.
The length of the diarrhea episode by HAstV serotypes was analyzed after children with coinfections were excluded. HAstV-2 was associated with significantly longer diarrhea episodes ( days) than was HAstV-4 ( days; ). 9.2 ‫ע‬ 6.8 2.7 ‫ע‬ 1.6 P ! .04 We observed 2 groups: HAstV types 1-3 (group 1) and HAstV types 4, 5, and 7 (group 2). Group 1 was associated with longer periods of diarrhea ( days) than was group 2 ( 9.6 ‫ע‬ 7.9 3.3 ‫ע‬ days; days). Similar statistical evaluation could not 2.4 P ! .023 be performed on the other serotypes because of the small number of infections.
Discussion
Six HAstV antigenic types occurred among children in a periurban community of Mexico City during a 3-year period. Typing RT-PCR analysis was a rapid and effective tool for type determination. Sequence analysis revealed strains distinct from the prototype for 5 antigenic types circulating in the community. Surprisingly, we found that HAstV-2 causes longer diarrhea episodes than does HAstV-4.
The 7% incidence of HAstV diarrhea in this community is similar to that observed (by EIA typing) in other developing countries [2, 4] and was increased by RT-PCR testing (35%). RT-PCR analysis was more sensitive and as specific as EIA. This agrees with 2 reports of increased RT-PCR analysis sensitivity, when samples from within outbreaks were evaluated [18, 19] . We conclude that RT-PCR analysis is the most sensitive assay for large community studies.
We observed that HAstV detection may vary even during the diarrhea period, and additional HAstV-positive samples can be detected during the 7-day incubation and prolonged-excretion periods. These data are not sufficient to evaluate the importance of detection of HAstV before and after diarrhea episodes, but we speculate that it is worth testing for HAstV 7 days before and after the diarrhea period.
Type-specific RT-PCR analysis combined with sequence analysis permitted type determination for all 31 HAstV isolates. Type-specific RT-PCR analysis provided significantly more information than was possible by typing EIA. It is of interest that only 1 of the 3 HAstV-1 isolates was detected by EIA; this suggests that the hypervariability of the epitopes of this HAstV strain may contribute to the low sensitivity of the typing EIA method. RT-PCR genotyping did not detect some strains, presumably because of conditions unrelated to sequence variation.
RT-PCR genotyping and sequence analysis yielded a picture of multiple cocirculating HAstV types with no pattern of changing predominance of HAstV, similar to that revealed by EIA typing. Sequence analysis identified new subtypes of HAstV types 1-5.
Monceyron et al. [23] also analyzed HAstV sequences from the 3 end of the genome. However, their conclusion was slightly different, which suggests a group including HAstV types 2, 3, and 7. Our phylogram suggests a group that includes HAstV types 1-3 and 7. The difference in the phylogenetic trees obtained is due to the fact that our analysis included 363 nt at the 3 end of the capsid region, and the analysis of Monceyron et al. [23] included 321 nt at the 3 end of the genome. There is a 244-nt overlap and 100-nt difference of the 2 consensus regions.
Belliot et al. [17] performed further phylogenetic analysis of partial sequences from the 5 end of the capsid gene of HAstV strains [17] . This phylogenetic arrangement of HAstV strains was different than the arrangement obtained from the 3 end of the capsid gene in our study and in the analysis by Monceyron et al. [23] . This can be explained by the different location of the 2 regions analyzed.
Our phylogenetic analysis confirmed that the presently used typing EIA (CDC) [21] can distinguish phylogenetically distinct groups, such as those described by Noel et al. [24] , in the 5 end of ORF2 for the same EIA. Phylogenetic analysis of sequences at the 3 end of ORF2 could statistically differentiate the reference strains. Phylogeny demonstrated that the Mexican isolates align with the corresponding reference strains but were sufficiently different to represent new subtypes ( ). Two P ! .01 Mexican HAstV-2 subtypes were detected in different periods of the surveillance (distance, 0.048;
). Previous phylo-P ! .01 grams obtained from different regions of HAstV genome differentiated among the 8 antigenic types but were variable in terms of the relatedness of the types [17, 23, 24] . For future studies, the location and length of a consensus region should be determined for the most reliable characterization of all HAstV genotypes. We propose that this would be at the hypervariable 3 end of the capsid region.
Previous studies demonstrated that HAstV-1 and HAstV-2 were dominant in communities [10] . In our study, we could demonstrate the coexistence of different strains. However, we also observed that HAstV-2 was associated with a significantly longer period of diarrhea than HAstV-4. We can speculate that the detection of HAstV-2 with less sensitive methods is more probable than the detection of HAstV-4, which results in the bias of observing HAstV-2 as a dominant type.
In summary, the prevalence of HAstV diarrhea was 7% in this community of Mexico City. RT-PCR analysis, using the type-common primer pair in ORF1a, was significantly more sensitive and equally specific, compared with EIA, for the detection of HAstV infection. RT-PCR genotyping in the capsid protein region is an excellent tool for rapid type determination. Phylogenetic analysis of 363 nts at the 3 end of the capsid region confirmed type assignment and characterized new strains in Mexico City. Six HAstV types were present simultaneously in a community of Mexico City.
